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M otivation

Atom at rest e

Atom affected by a slowly varying external field
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M otivation cont’d

Real electron pulse

has shot noise fluctuations E(w) W
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Wy, W, W, are atomic
transition frequencies

|onization losses are due to fluctuations that are responsible
for high frequencies in the spectra, i. e. frequencies that are
comparable with w,_,;,

Thereforee ~ dP~+/N
/ \ Total number of particles

Momenta dE ~ N .
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Energy loss
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M otivation cont'd
Short pulses E(w)
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Wq, Wy, W, are atomic
transition frequ;anci ?s
Now acollective field of al eectrons in the bunch | |
can drive the atomic electron. Therefore:  gp~ N \
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Optimal condition for interaction
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Foll Coherent transition radiation

Bunch /'
|ncoherent X-Ray radiation
/ y
V C

Electric field of coherent transition radiation very similar to
collective field of the bunch (virtual photons became real)

Thiskind of set up can be used for pump probe type of experiments
Using X-Rays as probe opens the way for measurement of radial
atomic wave functions
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M ethod

End

Laser: 5mJ per pulse Station

—— 106 mT>1 D quadrupole
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M ethod cont’d
Estimate: dE=0.6 MeV for P=10 MW, K=1.28, M=55

Simulations (GINGER

was used)
_— cut out with masks
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The feasibility of electron pulses of ~100 attosecond is
demonstrated.

This attosecond electron pulses will open the way to a
new class of experiments based on the interaction of
atomic e ectrons in the medium with the collective eectric
field of electron bunch, thisincludes, for example the
measurement of the wavefunction of atoms, or coherent
lonization losses that are proportional to the sguare of the
number of eectronsin the microbunch.
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Results
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Resultsfor the ATF beam
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Why Atto-Second Pulse at the ATF

« Both LBNL and BNL has long a tradition in 1FEL R&D.
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e The electron beam quality.
e The laser system.

e Most other hardware available with minimum investment.
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ATF Na: YAG Laser - functional units and beam path
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Hardware now availlable

TheVISA Undulator Section

Period length 18 mm
Number of periods 55 segment
Magneticgap g 6.0 mm
Maximum B field B max 0.75T

B field error D B _max 0.4%
Undulator parameter K 1.26
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Hardware now availlable




Coherent Transition Radiation

& y2 yz 72 0
eNexlgé'zs2 252 2%%s
r(xy,2) = X Ty T8+ 4 b, cos(nk, 2);;
(2p)"°s s s, & i v

BROOKHFAEN
NATIONAL LABORATORY




Work need to be done

 New vacuum chamber for the undulator.
e Design match laser trangport line.
e |nstallation.
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Schedule

I T the proposed experiment approved:
1. funding ?
2. New single-shot spectrometer?

3. Design and construction of the undulator vacuum
chamber and support. (March - June, 2002)

4. Tuning the undulator. (April - June, 2002).

5. Vacuum testing. (August)

6. Laser and electron beam diagnostics.

7. Install in Sept, 2002.

8. Beam time request: 5 runs, each run 2 to 3 days
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Summary

e Attosecond Physics

 High Harmonic 1FEL.

e High harmonic generation.

e CSR.

e New beam diagnostics techniques.

When such pulses become available, a new

vista of applications will appear and add
new vitality to the community.
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